Opportunistic infections, due to disease-related immunosuppression, constitute the major cause of death in American visceral leishmaniasis (AVL). Sera from these patients (AVL sera) non-specifically inhibit the in vitro proliferative response of normal human lymphocytes to lectins or antigens. In the present work, the mediation of this inhibition by IgG, immune complexes and low-or very low-density lipoproteins was studied. AVL serum fractions containing proteins with the molecular weight of IgG, and IgG, purified from AVL sera by anion exchange chromatography, did not suppress the lymphoproliferation. Most of the suppressive activity of AVL sera was associated with a fraction containing molecules with molecular weights above 430 kDa. This would be compatible with it being due to immune complexes and/or lipoproteins, and not to soluble IL-2 receptors as reported previously. However, neither of the two possibilities seem to be the case, as (1) depletion of immune complexes by protein-A followed by protein-G chromatographies did not affect the serum suppressive activity, (2) no correlation between immune complex contents and suppressive activities in individual sera was observed, and (3) plasma lipoproteins (VLDL and LDL), purified from AVL patients and from healthy individuals, had the same degree of immunosuppressive activity. q
Introduction
American visceral leishmaniasis (AVL), caused by the protozoan Leishmania infantum [1] , is a systemic disease characterized mainly by fever, hepatosplenomegaly, anemia, hiperglobulinaemia and high levels of anti-Leishmania antibodies and autoantibodies [2, 3] . AVL patients are usually unable to mount an effective immune response against the parasite and indeed appear to be severely immunosuppressed [4] . This suppression has a strong non-specific component [4] , is the major cause of death [5] in AVL cases, and could be mediated by serum factors, since dilutions as low as 1% of sera from patients with visceral leishmaniasis (AVL sera) may markedly inhibit the mitogen-driven proliferation of normal peripheral blood mononuclear cells (PBMC) in vitro [3, 4] . This inhibition is not specific for the response to a particular mitogen, since PBMC proliferations driven by concanavalin A (Con A), phytohemoagglutinin and pokeweed mitogen are equally inhibited [3] . Moreover, it is not due to a direct binding of a serum or Leishmania component to the mitogen, since the sera does not inhibit the binding of Con A to cell receptors [6] . Different serum components are candidates for mediating this immunosuppression, such as autoantibodies, immune complexes and lipoproteins, in addition to parasite products. For instance, patients with primary intracranial tumors may have a depressed cell-mediated immunity due to IgG antibodies [7] ; circulating immune complexes may down-regulate cell-mediated immune responses in patients with schistosomiasis [8] ; Leishmania excreted factors may inhibit the response to lectins of normal leukocytes [9] Microbial Pathogenesis 40 (2006) and a down-regulatory effect of lipoproteins on lymphocytes have been demonstrated [10] . In addition, soluble IL-2 receptors have been reported as mediating immunosuppressive activity in AVL sera [11] . In the present study, the molecular weights of the suppressive factors from AVL sera, and the possible participation of IgG, immune complexes and low or very low-density lipoproteins in the suppression of the in vitro limphoproliferative responses of normal PBMC to a mitogen were investigated.
Results

Suppressive effect of AVL serum
Serum samples from AVL patients exerted potent suppressive activity on concanavalin A (Con A)-stimulated normal PBMC cultures, as reported previously ( Table 1 ). The mean counts per minutes from cultures containing a mixture of control healthy donor's and normal AB serum was eight times higher than that from cultures supplemented with a mixture of AVL and normal AB serum.
Molecular weights of immunosuppressive factors of AVL sera
Fractions with high (O430 kDa) molecular weights, obtained by high resolution liquid chromatography from pools of seven AVL sera, suppressed normal donors' PBMC proliferative response to Con A more intensely than fractions with lower molecular weights. The suppressive activity associated with low molecular weight (!430 kDa fractions) was never above 33% (Table 2) . To test individual sera, fractions with molecular weights above and below 100 kDa, obtained by diafiltration and filtration on Amicon membranes, respectively, were tested for suppressive activity. Fractions with molecular weights above 100 kDa from all sera had a suppressive activity on PBMC proliferation in vitro. The low molecular weight fraction of only one of the five AVL patients sera was suppressive (Table 3) .
Effect of IgG and immune complexes on the lymphoproliferative responses to Con A
To determine whether IgG antibodies contribute to the suppressive activity of AVL patients' sera on lymphoproliferative responses, IgG purified from five AVL sera by anion exchange chromatography was tested on lymphoproliferative assays. No significant differences were observed between results obtained with IgG purified from normal and AVL sera (Fig. 1B) . Removal of IgG and immune complexes ( Fig. 2A ) from AVL sera, by absorption with insolubilized staphylococcal protein A and protein G, and control absorptions with insolubilized bovine serum albumin, did not decrease their immunosuppressive activity (Fig. 2B ). In addition, there was no significant correlation between levels of circulating immune complexes in individual sera and their immunosuppressive activity (Fig. 3). 2.4. PBMC proliferative response to Con A in the presence of lipoproteins from AVL patients' plasma VLDL and LDL, regardless of their being purified from pools of AVL patients' or normal human plasma, inhibited to the same extent the Con A-induced proliferation of health donor's PBMC (Fig. 4) . VLDL was more than four times more suppressive than LDL on the in vitro lymphoproliferation.
Discussion
The present study confirmed that AVL sera suppress the lymphocyte proliferative response to Con A, from 60 to 99%, as previously described in the literature [4] . The intensity of the lymphoproliferation, both in the presence of normal sera and of AVL patients' sera, was highly variable. This is consistent with previously reported data [3, 4] , and may depend on stochastic variations in the plasma or serum concentrations of suppressive substances, such as lipoproteins and immunoglobulin aggregates. The presence of serum factors that inhibit the immune response in vitro has been demonstrated in several parasitic diseases in addition to leishmaniasis, such as trypanosomiasis, a All cultures were done in the presence of 10% normal AB human serum, and received no additional serum or were supplemented with 10% of either healthy donors' or AVL patient's sera. b The percentages of suppression were calculated as described in Section 4. c MeanGSD of the mean of the [H 3 ] thymidine incorporation of cultures supplemented with the indicated sera, expressed as counts per minute.
filariasis and schistosomiasis [4, 8, 9, [12] [13] [14] [15] [16] , as well as in some non-parasitic illnesses [7, [15] [16] [17] . The nature of the immunosuppressive serum factors seems to vary in different diseases.
In human coccidioidomycosis, they have been shown to be monomeric IgG [15] . Sulica and collaborators [18] have indeed shown that IgG can have a regulatory effect on NK cells, reducing their cytolytic activity. The results described herein, however, indicate that the suppressor effect of AVL patients' Cultures were supplemented with 6 mg mL K1 of concanavalin A, 10% human AB serum and the indicated fractions of healthy donors' or AVL patients' sera. a Sera were fractionated on an Amersham molecular sieve membrane that excluded molecules with molecular weights above 100 kDa, as described in Section 4. b Calculated as described in Section 4. c MeanGSD of the mean of the [H 3 ] thymidine incorporation of cultures supplemented with the indicated fractions, expressed as counts per minute. Cultures were supplemented with 6 mg mL K1 of concanavalin A, 10% normal human AB serum and the indicated fractions of healthy donors' or AVL patients' sera. a Three independent experiments were carried out, each with fractions from different pairs of pools of seven sera (one from healthy donors and one from AVL patients). sera on the in vitro lymphoproliferative response is not due to IgG, since purified AVL patients' IgG had no effect on the in vitro lymphoproliferation, and IgG-depletion did not affect the serum suppressive activity. An additional confirmation that monomeric IgG does not play a role in the immunosuppressive activity of AVL sera came from the absence of this activity in serum fractions, resulting from molecular sieving, containing proteins with the molecular weight of IgG. In fact, as shown herein, most of the suppressive activity of AVL sera was associated with molecules with molecular weights above 430 kDa. Barral-Netto and collaborators [11] suggested that soluble IL-2 receptors (sIL-2R), which are present in high concentrations in AVL sera, participate in the AVL serummediated suppression [11, 19] . Very little suppressive activity, however, was found in AVL serum fractions with proteins of molecular weights between 12.4 and 57 kDa, obtained by gel-filtration, and no suppressive activity in fractions containing proteins of molecular weights below 100 kDa, obtained by membrane sieving, in 4 out of 5 sera. Since these fractions would contain the sIL-2R, its participation in the AVL serum immunosuppressive activity is, if any, a minor one. On the other hand, the association of AVL serum suppressive activity with the larger than 430 kDa fraction would be compatible with it being caused by immune complexes and/or lipoproteins.
As shown herein, immune complexes do not seem to participate in the immunosuppressive activity of AVL sera, since their depletion by protein-A followed by protein-G chromatographies did not affect that activity. This was confirmed by the lack of correlation between immune complex concentration and immunosuppressive activities in AVL sera.
Elevated concentrations of lipids are found in AVL sera (N.M. Soares and collaborators, manuscript in preparation). In the sera utilized in this work, however, serum lipid , sera absorbed with bovine serum albumin-Sepharose-4B. concentrations in AVL patients and healthy donors were similar, possibly because of lipid losses during serum preparation and storage. Physiologic concentrations of lipoproteins in normal human plasma inhibit DNA synthesis by lymphocytes stimulated by alloantigens or mitogens [10, [20] [21] [22] [23] . In the present study, the same degree of immunosuppressive activity of AVL patients' and of healthy individuals' plasma lipoproteins (VLDL and LDL) was shown.
In terms of protein concentration, the VLDL had a much more intense inhibitory activity than the LDL, in agreement with previously published results [20, 24] . In the physiologic concentration of 30.8 mg of protein per milliliter of culture, VLDL caused a suppression of the lymphocyte proliferative response to Con A of around 50%. HDL has no effect on the mitogen-driven lymphoproliferation of PBMC [10] . Although, as implied from this and from other in vitro studies [10] , lipoproteins may always inhibit to a certain extent the immune responses in healthy individuals' (i.e. the lymphoproliferation would be more intense in the absence of lipoproteins), they certainly are not responsible for the AVL serum-mediated suppression studied in the present work and for that described in the literature [3, 4] , in which sera are collected and stored without special care for preservation of lipoproteins.
As mentioned above, different serum components can exercise immunosuppressive activity, such as hormones [25] , alpha-globulin [26] , immune complexes [17] , monomeric IgG [15] , mononuclear cell soluble factors [27] and lipoproteins [10] . In this study, the testing for immunosuppressive activity of AVL serum fractions with different molecular weights allowed the exclusion of some of these components as a major mediator of immunosuppressive activity (e.g. hormones, monomeric IgG and mononuclear cell soluble factor). Leishmania infection in AVL is systemic, with high parasite burdens. One remaining candidate for mediating the AVL serum suppressive activity would be a high-molecular weight parasite-derived product. This putative high-molecular weight, circulating parasite product should not elicit an antibody response, or it would be present in the form of immune complexes, which, as demonstrated herein, do not seem to mediate the AVL serum suppressive activity. Parasite molecules have indeed been shown to be present in AVL patients plasma and urine [28, 29] , and Leishmania excreted factors can inhibit in vitro response of immune PBMC to Leishmania and of normal PBMC to phytohemagglutinin and mycobacterial pure protein derivate [9] .
Antibodies against Leishmania in vitro excreted factors are not detectable in the sera of patients with leishmaniases (unpublished results), a fact which is compatible with their immunosuppressive activity (they would suppress the antibody response against themselves) and a pre-requirement for their circulation as free, and not part of immune complexes, molecules. A possible approach to investigate the role of parasite molecules as mediators of the AVL serum immunosuppressive activity would be their depletion from the sera with specific antibodies, either polyclonal antibodies against L. chagasi amastigotes or monoclonal antibodies against recombinant antigens with suppressive activity on the in vitro lymphoproliferative response to mitogens.
The present work provides clear-cut information that may be useful in future studies aimed at identifying the circulating suppressive factor in AVL. Further work is also required to ascertain its mechanism of action, which, however, is already known to be independent of cytotoxicity [3] . On the other hand, it is not easy to determine the in vivo relevance of the serummediated immunosupression. The facts that the spleen plays an important role in the defense against blood-borne infections, and that in patients with AVL that organ is pervaded by plasma containing up to 100 times the necessary amount of a factor able to suppress a vigorous mitogen-driven lymphoproliferation in vitro, would strongly argue in favor of an in vivo role for the circulating immunosuppressive factors. These would perhaps inhibit the installation of an effective anti-parasite immune response in the spleen and in the bone-marrow, allowing the typical thriving of Leishmania amastigotes in these organs during AVL.
Materials and methods
Sera
Sera were from 40 patients with acute AVL (with diagnoses confirmed by direct identification of the parasite), from blood collected before treatment, and from 32 healthy volunteers from areas without L. chagasi transmission. All patients and volunteers were previously informed about and understood the nature of the research, in accordance to institutional ethical guidelines. 
Molecular sieving
AVL patients' or normal sera were fractionated by high resolution liquid chromatography (FPLC) on a Superose 12 column (Pharmacia, Uppsala, Sweden) or by filtration or diafiltration on a Centriprep-100 membrane (100,000 MW cutoff, Amicon, Witten, Germany). The fractions containing different molecular weight molecules were concentrated to the sample original volumes and dialyzed against RPMI 1640 culture medium (GIBCO, Grand Island, NY).
IgG purification
IgG from AVL and normal human serum was purified by anion-exchange FPLC on a HR5/5 Mono Q column (Pharmacia, Uppsala, Switzerland). The fractions containing IgG were pooled and dialyzed against RPMI. The degree of purity was assessed by polyacrylamide gel electrophoresis in presence of dodecyl sulfate (SDS-PAGE) and Comassie blue staining, as described elsewhere [30] . Single bands with molecular weights corresponding to that of IgG were observed (Fig. 1A) .
IgG depletion
Pools (400 mL) of five AVL and five normal control sera were passed through a 2 mL protein A-Sepharose 4B column (Sigma Chemical Company, St Louis, USA), containing 2 mg of protein A per milliliter of gel or through a control bovine serum albumin-Sepharose 4B column.
Immune complex (IC) depletion
Sera (nZ3) from AVL and from healthy volunteers (nZ3) were depleted of IgG-containing IC by successively absorption on protein A-and protein G-Sepharose 4B columns (Sigma Chemical Company, St Louis, USA). IC concentrations in depleted and in untreated serum were measured as previously described [31] . Sera were also absorbed with bovine serum albumin-Sepharose 4B as a control.
Lipoprotein purification
Lipoprotein-rich fractions were obtained from pooled AVL and normal human serum using ultracentrifugation on a NaCl gradient, as previously described [32] . VLDL and LDL fractions were dialyzed three times against RPMI 1640 culture medium (GIBCO, Grand Island, NY) and stored at K20 8C.
Lymphoproliferative response
PBMC from healthy volunteers were prepared from heparinized blood by centrifugation over Ficoll-Hypaque (Sigma Chemical Company, St Louis, USA). The cells in the solution interface were washed three times and resuspended in RPMI 1640 culture medium containing antibiotics (100 IU mL K1 of penicillin and 50 mg mL K1 of streptomycin), L-glutamine (2 mM), N-2-hydroxyethypiperasine-N 0 -2-ethanesulfonic acid (HEPES, 10 mM) and 10% of heat-inactivated human AB serum (Sigma Chemical Company, St Louis, USA; complete medium). 200 mL volumes of complete medium containing 2!10 6 PBMC were plated in flat bottomed microtitre plates (Limbro Chemical Co., New Haven, USA). The medium also contained 6 mg of concanavalina A (Con A; Sigma Chemical Company, St Louis, USA) per milliliter and the additional supplements: (1) 10% of either heat-inactivated AVL or normal human sera; (2) IgG purified from AVL or normal human sera; (3) fractions containing molecules with different molecular weights from AVL or normal human sera, (4) IgG-and/or IC-depleted sera from AVL patients or normal individuals or (5) VLDL, LDL or HDL purified from AVL or normal human sera. Negative control cultures were performed in the absence of Con A. The cultures were incubated at 37 8C, in 5% CO 2 atmosphere, for 3 days. DNA synthesis was estimated in a beta-counter after a 12 h pulse of the cells with 1 mCi of [ 
